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Method for automatic operation of a vehicle. 

@ This invention relates to a method of automatic vehicle 
operation which fulfills multi-dimensional performance in- 
dices by presetting the weight for power consumption, the 
weight for the riding confort, and the like. The modifying 
running time relative to the standard running time to be 
spent between two stations, the allowable power consump- 
tion relative to the standard power consumption to be spent 
for the standard running between two stations, and the 
degree of improvement of riding confort for the standard 
running between two stations are set prior to the departure 
from a station so as to determine control parameters to be 
used for divided regions of distance between two stations, 
and the speed of the vehicle between two sta 
controlled using the selected control parameters. 
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METHOD FOR AUTOMATIC OPERATION OF A VEHICLE 

1 The present invention relates to a method for 

automatic operation of a vehicle and, particularly, to a 
method of automatic vehicle operation capable of fulfilling 
the multi-dimensional performance indices by operating 
5 a train or the like in accordance with predetermined 
control parameters selectively. 

Recently, methods of automatic operation of a 
train have been put into practice in various places in 
the world. In these conventional methods, a target speed 

10 pattern is generated, and control commands are issued to 
the traction controller or brake controller so that the 
actual train speed follows the target speed pattern (For 
example, refer to Japanese Patent Laid-open No. 57-36505,) 
For operating a train between two stations, according to 

15 these methods, a number of running patterns are prepared in 
advance and the train is operated by selecting and switch- 
ing the running patterns depending on situations such as 
a delay on the train diagram. These methods are solely 
oriented to bring a train conformable to the diagram 

20 through the selection of a running pattern based on the 

running time. More recently, however, there arise demands 
for lower power consumption and better riding confort 
in addition to the accurate operation on the train diagram, 
Exampj.es. -of new demands are 10% power reduction in the 

:c5 suiTiraer season when the gross pov/er consuiiiption hits the peak 
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1 and better riding ccnfort without vibration when passengers 
are rare, and the operation based on such multi-dimen- 
sional performance indices is not possible by the 
conventional method for the automatic train operation. 
5 It is an object of the present invention to 

provide a method for automatic vehicle operation capable 
of fulfilling the multi-dimensional performance indices 
by setting weights for the power consumption, riding 
confort, and so on. The invention resides in the method 
10 for the automatic vehicle operation for controlling the 
running of a vehicle between stations by use of the pre- 
determined control parameters, wherein the distance between 
two stations is divided into a niimber of regions, perform- 
ance indices as a result of application of a set of 
15 control parameters to each region are evaluated, and the 

control parameter used in each region is determined by set- 
ting the performance indices in advance. The performance, 
indices include the running time between two stations, 
power consumption, and riding confort. 
20 The present invention will be more apparent 

from the following detailed description taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a block diagram of the automatic 
train operation controller according to the first embodi- 
25 ment of the present invention; 

Fig. 2 is a chart showing an example of segmenta- 
tion of the distance between two stations; 
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performance indices corresponding to the control parameters; 

Fig. 4 is a layout diagram of the running 
condition setup console of the first embodiment; 

Fig. 5 is a flowchart showing the process of 
selecting control parameters by the microcomputer system 
embodying the present invention; 

Fig. 6 is a flowchart showing the process of 
train control by the microcomputer system embodying the 
present invention; 

Fig. 7 is a block diagram of the automatic train 
operation controller according to the second embodiment 
of the present invention; 

Fig, 8 is a graph used to explain kinetic energy 
possessed by a train running between two stations; 

Fig. 9 is a graph used to explain the train 
speed in the same operating condition as of Fig. 8; 

Fig. 10 is a table showing the contents of the 
condition table provided in correspondence to the ground 
markers shown in Fig. 7; 

Fig. 11 is a table showing the contents of the 
alternative table shown in Fig. 7 for power-saving control; 

Fig. 12 is a flowchart showing the process 
carried out at train departure by the microcomputer 
according to the second embodiment of the present invention 

Figs. 13A and 13B are flowcharts showing the 
process of train control; and 

Fig- 14 is a flowchart of the proceSg" of 
selecting a column of alternative table for the power 
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1 saving control. 

In Fig- 1 showing in block diagram the automatic 
train operation controller according to the first 
embodiment of the present invention, reference number 1 
5 denotes a pulse generator which generates pulses in 

proportion to the running distance of the train r and 2 
denotes a speed calculator which sums distance pulses 
produced by the pulse generator 1 to yield the train speed 
from the running distance of the past one second. Refer- 
10 ence number 3 is a distance summation unit which sxms 

distance pulses since the train has started from a station 
so as to yield the running distance L from the station- 
These devices 1, 2 and 3 are disclosed in the above-mention- 
ed Japanese Patent Publication. Reference number 7 
15 denotes a switch for setting the running time to be spent 
until the train will reach the next station, 8 denotes 
a switch for setting the power consxamption, 9 denotes a 
switch for setting the riding confort factor, 10 denotes 
a button for directing the setup of the running conditions, 
20 and 11 denotes a lamp which indicates in blue that therq 
exists a combination of control parameters which suffices 
the setting condition, or indicates in red that such 
combination does not exist, thus prompting the reentry 
of the running condition. Reference number 4 is a unit 
25 which determines control parameters in accordance with the 
setup of running conditions on the switches 7, 8 and 9, 
and calculates control commands (powering and braking) , 
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1 power consumption and riding confort for combinations 

of control parameters obtained in advance by experiment or 
simulation. Reference niimber 12 denotes a traction con- 
troller which accelerates the train in response to the 
5 traction control command, and 13 denotes a brake control- 
ler which decerelates the train in response to the brake 
control command. Among these devices the control command 
calculator 4 and memory 5 are realized by use of a micro- 
computer 6 in this embodiment. The traction controller 12 

10 and brake controller 13 are the units disclosed in the 

above-mentioned Japanese Patent Publication, and detailed 
explanation thereof will be omitted. 

Fig. 2 is a chart explaining by way of example 
the segmentation of the distance between two stations, and 

15 Fig, 3 is a table of performance indices for the control 
parameters . 

As shown in Fig. 2, the distance from the depart- 
ing station to the arriving station is divided into three 
regions, i.e., regions 1, 2 and 3, and a control parameters 

20 is determined for each region by making reference to the 

performance index table. The curve V in Fig. 2 represents 
the train speed as a result of train operation using the 
control parameters, and the straight lines at the top of 
the figure represent two limited speeds . The memory 5 

25 stores a performance index table as shown in Fig. 3, 

According to the present invention, a plurality 
of control paraineters re5;pcnsive to the rGquireiaents of 
running time reduction, power consumption cut, and 
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1 improvement of riding confort are prepared, the values 

of performance indices of the running time, power consump- 
tion and riding confort as a result of running using any 
one of the control parameters in one region between 
5 two stations are obtained experimentally or computer 

simulation, and a table of performance indices for one set 
of combination is prepared in advance- Then, conversely, 
when performance indices axe specified, a control parameter 
for each region is determined. 
10 As shown in Fig. 3, the performance index table 

contains the control parameter table number (1, 2, or 3), 
evaluation of riding confort (good or bad) , and running time 
(time reduction or delay in seconds) for each region. 

Pig. 4 shows an example of the running condition 
15 setup console. The console is provided thereon with run- 
ning time setting switches (-10, -5, 0, +5, and +10 sec) 
7, power consxamption setting switches (80, 90, 100, 110, 
and 120%) 8, riding confort setting switches (BAD, USUAL 
and GOOD) 9, a running condition setting button 10, and • 
20 a setup acknowledgement lamp 11. 

Fig. 5 is a flowchart showing the control 
parameter selection process using a microcomputer according 
to the first embodiment, and Fig. 6 is a flowchart of 
processing for operating the train using the selected 
25 control parameter. Fig. 5 shows the process of selecting 
a combination of control parameters used for the running 

This program is initiated when the running condition 
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setting button 10 is pressed. The program reads the 
running time setting switches 7 (step 501) , the power 
consumption setting switches 8 (step 502), and the riding 
confort setting switches 9 (step 503) sequentially, and 
then searches the tables of n in number (Fig. 3) in the ' 
memory 5 for a combination of control parameters which 
meet the values of performance indices which have been read 
(step 504). If no satisfactory control parameter is found, 
the program lights the setup acknowledge lamp 11 in red 
(steps 505 and 506), or when satisfactory control parain- 
eters are ' found , the program lights the setup acknowledge 
lamp 11 in blue and sets the combination nxamber i of the 
control parameters in the memory 5 (steps 505 and 507) , 

Fig. 6 shows the process of operatihg the train - 
in accordance with the combination of control parameters, 
obtained in the process of Fig. 5. This program is initiat- 
ed in response to the departure command. The program 
first calculates the distance L of the immediate position- ■ 
from the departing station by the distance summation 
unit 3 (step 601) . Then, the program determines' the 
region number j (e.g., 1, 2 or 3 in Fig, 2) from the ~ 
distance L (step 602) and determines a control parameter 
to be selected in the table of Fig. 3 for the current 
region from the control parameter combination number, i :ajid 
the region number j (step 603). Next, the program issues 
a control command to the traction controller 12 or brake 
controller 13 basing on the selected control parameter 
(step 604) . When the train reaches the arriving station. 
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1 the process is terminated, or otherwise, the program is 
restarted from the beginning (step 605), 

Accordingly, the present invention uses the 
conventional hardware equipment except for the additional 
5 buttOHr switches and lamp {7-11) shown in Fig. 4 for set- 
ting the running condition, and implements the new function 
using the program stored in the microcomputer 6 and the 
performance index table stored in the memory 5* Namely, 
when power saving is requested in summer due to a high 

10 demand of power r the running condition can be set with the 
weight being placed at power reduction, or when the better 
riding confort is requested, the weight can be placed for 
it, and thus the running condition which meets each pxirpose 
can be achieved* In addition, the running time can be 

15 modified under the restriction of other performance 
indices . 

The performance tables shown in Fig. 3 are the 
lists of performance indices as a result of riinning when 
each control parameter is used for each region, and the 

20 control parameter tables Nos. 1, 2 and 3 are the lists 

of control commands to be issued to the traction controller 
12 and brake controller 13, 

Although in the foregoing embodiment the distance 
between two stations is divided by measuring the distance, 

25 the invention is not limited to this, but for example 

a control parameter may be selected by detection of signals 
located at positions between two stations . Although in the 
foregoing embodiment reference values of performance 



- 9 - • • . . • 

011 4633 

1 indices are given through the switches, they may be 

given from the computer of the central operation office 
through the communication line in advance of deperture. 
It is also possible to execute the process shown in Fig, :5 

5 by the computer in the central office and transmit only 
the result to the train. 

According to the first embodiment of the inven- 
tion, as described above, a plurality of sets of control 
parameters are prepared, the distance between two stations 
10 is divided into a plurality of regions, performance 

indices as a result of running when each control parameter 
is used for each region are prepared as tables, and control 
parameters to be selected in regions are determined on the 
basis of the requested performance indices in advance of 
15 the departure of the train, whereby the train can be 

operated automatically with satisfactory multi-dimensional 
performance indices such as power saving and better riding 
confort. 

Next, the second embodiment of the invention will 
20 be described. This is a method of automatic train opera- 
tion control between two stations using predetermined 
control parameters, wherein one or more ground markers 
are placed between two stations, and there are provided 
a table containing the train speed, residual running time 
25 and scheduled power consumption (per unit weight) estimated 
when the train has passed each ground marker in a minimum 
possible tine snc. further a table conteir.ir.g the. incre.£?Gd 
running time and decreased power consumption in case 



01 1 4633 

the lower target speed is lowered for a certain distance 
after the train has passed each ground marker, so that 
the lower target speed which meets the target running 
time to the next station, that has been set before 
departure, at the least power consumption is determined 
when the train passes each ground marker. 

The embodiment will now be described in detail- 
Fig, 7 is a block diagram showing the second embodiment of 
the automatic train operation controller. In the figure, 
reference nvimber 101 denotes a device for receiving the 
limit speed signal at the current position of the train, 

102 is a register for holding the limit speed signal ^ and 

103 is a speed sensing generator. Reference number 104 

is a speed calculator which counts distance pulses produced 
by the speed sensing generator 103 to calculate the train 
speed V from the running distance in a past second. Refer- 
ence number 105 is a running distance calculator which 
counts distance pulses since the train has departed so as 
to evaluate the running distance Si from the departing 
station. Reference number 106 is a ground marker placed 
at a certain position between two stations, and a signal 
is generated in a ground marker detector 107 when the 
train passes the marker. The running distance measured 
at the detection of the ground marker 106 may be used to 
correct the error of the speed sensing generator. 

Reference number 10 8 is a device for setting the 

the arriving station, and the device is_ set when the train 
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starts from the departing station. 

The target running time and target power consiainp- 
tion are set either through the switches equipped on the 
train or from the computer in the central operation 
command office through the communication line. The 
scheduled arriving time and power consumption are displayed 
in the train - 

Reference number 1018 denotes a microcomputer 
which realizes the control functions by executing the 
stored programs as will be described shortly. In Fig. 7, 
the program is divided into functional blocks. The micro- 
computer 1018 has a program 109 for calculating the upper 
target speed v^^ to be followed by the train based on 
the contents of the limit speed signal register 102 and 
a program 1010 which calculates the brake command based on 
the upper target speed v^^ and train speed v. Reference 
number 1011 is a table containing the values of potential 
energy possessed by the train located at positions at 
altitudes corresponding to the distance I from the 
departing station, and 1012 is a program for calculating 
the current potential energy (altitude) of the train from 
the distance I. Reference number 1013 is a condition 
table corresponding to the ground markers placed between 
two stations, 1014 is an alternative table for power- 
saving control containing the values of increased running 
time and saved power consumption achieved when the target 
pov/er consmnptlon is varied at each ground marker for 
a certain distance, 1015 is a program for calculating- 
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1 the target value of energy possessed by the train, 1016 
is a program for calculating the lower target speed v__ 
by subtracting the current potential energy from the 
target energy, and 1017 is a program for calculating the 

5 traction command from the lower target speed v_- and train 
speed V. 

The automatic train operation controller of 
Fig. 7 controls the train speed using the target arrival 
time and power consiimption calculated when the train has 

10 passed a certain position based on the rule that the 

train is operated always in the same running pattern by 
the automatic operation for the maximum running perform- 
ance thereby to achieve the minimal rvmning tdLme and 
power consumption, and in the case of alteration of control 

15 at a certain position between two stations, the original 
minimal running pattern can be restored with a certain 
increase in running time and decrease in power consump- 
tion. 

Fig, 8 is a graph used to explain energy possess- 
20 ed by the train running between two stations, plotting 
the sum of potential and kinetic energies of .the train 
on the ordinate against the distance from the departing 
station on the abscissa • On the graph, curve 1022 shows 
the kinetic energy at the limit speed, curve 1022 shows 
25 the kinetic energy at the upper target speed, curve 1023 
shows the standard running energy pattern, curve 102 4 
shows the power-saving running energy pattern, and curve 
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When the train is operated to run in a minimal 

time by simply following the upper target speed v^^, 

the standard running energy pattern 102 3 shown in Fig, 8 

will be followed- Here, the power-saving running energy 

pattern 102 4 is shown, in which ground markers are placed 

at three positions Z^^, l^^ and Z^^, and the train is 

operated to run following the lower target energy setup 

distance and its energy value at each position, (£ E i 

El PI 

(£^2' ^P2^ ^^E3' ^P3^ * '^l^is pattern is achieved by 

coasting. Declination of the curve is caused by the 
energy loss due to the running resistance such as the air 
resistance of the train. 

Fig. 9 is a graph showing the train speed on 
the ordinate plotted against the distance on the abscissa 
in the same operation as of Fig. 8, On the graph, 1031 
indicates the limit speed, 10 32 indicates the upper target 
speed, 10 33 indicates the standard running speed pattern, 
and 10 34 indicates the power-saving running pattern. The 
train speeds at ground marker positions and 2,^^ 

^Cl' ^C2 ^C3' respectively. These values of speed 

in Fig. 9 are proportional to values of energy shown, in 
Fig. 8 subtracted by the potential energy at the respective 
positions . 

Fig, 10 shows the contents of the table 1013 
provided in correspondence to the ground markers shown 
in Fig. 7, The column for ground marker 0 contains 
the initial value of standard residual runninq time T 

CO 

v/hich is thp mi.n^^.vr-i T-i--r - r-.r- r-'^o cr--- ^- ^ ^ 
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and the initial value of standard power consumption E 
which is the power consumption per unit weight at starting. 
Other column for ground marker i (i S 3) contains the 
distance l^^ from the departing station, the threshold 
speed v^^ for the standard run, the standard (minimum) 
running time T^^ for the remaining distance, and energy E 
used for the remaining distance. 

Fig. 11 shows the contents of the alternative 
table 1014 for power-saving control shown in Pig. 7, and 
the table contains only the power-saving control factor 
J (J = 3) . This table indicates that the running time 
will increase by AT^ and power will be saved by the amount 
of AEj if the train runs following the lower target 
power consumption E^^ for a distance of Z^^ after the 
train has passed the ground marker N^^ , and also indicates 
that if this control is carried out, the control table 
of is included in the control and cannot be used. 

These values can be obtained by way of simulation or 
through the experiment using the actual train. 

Figs. 12, 13 and 14 are flowcharts of the 
microcomputer embodying the present invention. The flow- 
chart of Fig. 12 represents the operation of the proces- 
sing program which is executed when the train starts. 
The program, initiated in response to the start command 
to the train, reads the running time between stations 
set on the target running time setting device 81 so as 
to set up the target running time (step 601) ^ sets the 
^xeci ruiiiiing uirae to tne xield of initial standard 
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1 running time (T^^) in the condition table 1013 (step 602), 
sets the power consumption to the field of initial 
standard power consumption (E^^) (step 603), and set the 
power-saving control flag to "0" (step 604). 
5 The flowchart of Figs. 13A and 13B shows the 

processing of the train control program which is executed 
at a sampling interval of At (e.g., ICQ n,s) . The program, 
when initiated, first subtract the sampling time At from 
the target running time and scheduled running time (step 
10 701) . Subsequently, the program checks whether the power- 
saving control flag indicating the selection of the 
alternative table 1014 has a value j other than "0" (step 
702), and reset the control flag (step 704) if the running 
distance Z is larger than the control completion distance 
15 Jlgj (step 703). If the power-saving control flag is 

"0" (step 705) or the running distance Z is in the vicinity 
of control completion distance l^. of column j of power- 
saving control table under control e.g., 5 m to the end, 
(step 706), the program selects the power-saving control 
20 table (step 707). At this time, if the power-saving con- 
trol flag is "0" (step 708), the lower target speed v^^^ 
is set larger (e.g., 200 km/h) (step 709), or if the 
control flag has a value j (step 708) , the lower target 
speed v^^ is obtained from the lower target power consump- 
15 tion Ep. per unit weight (having the unit of m^/s^) and 

the potential energy E^^ at the current position £ obtained 
from the running distance £ with ref ex-Bnce- to the distance 
o-centiai energy table 1011 (step 710). 



vs. 
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The potential energy E^^ and lower target speed 
V are calculated from the following equations. 



E, = G-h (1) 
n 

^TL = 3.6./Ep. - (2) 

2 

where G is the gravitational acceleration (9.81 m/s )r h 
is the altitude (m) of the current position I, and 
5 constant 3.6 is a factor for converting the unit from m/i 
to km/h. 

Subsequently, in Fig. 13B, the program calculates 
the upper target speed v^^ from a speed corresponding to 
the contents of the limit speed signal register 2 {step 
10 711). Next, the lower target speed v^^^ obtained previously 
is made lower than the upper target speed v^^ (step 712) . 
Then, the program calculates the brake command BN from 
the upper target speed v^^ and the train speed v provided 
by the speed calculator 4, using, for example, the fol- 
15 lowing equation (step 713) . 



BN - (v - v^^) -Bg (3) 



where B is the gain of the brake command applied to the 

g 

deviation of speed. 

Subsequently, if the brake command BN is 
produced (step 714) v the traction command PN is made "0" 
20 (step 715), or if the former is absent, jfche traction 



1 equation (step 716). 
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where is the gain of traction command applied to the 
deviation of speed. The calculated brake command BN or 
traction command PN is fed to the drive/brake unit (step 
717), and one cycle of processing is completed. 

Fig. 14 shows the flowchart of the process for 
selecting the alternative table of power-saving control, 
and this is an expansion of the step 707 shown in Fig. 13a. 

When the program enters this routine, it first 
checks the ground marker detector 107 to see whether 
the train has passed a. ground marker during a period 
between the previous and present execution of the routine. 
If it is found that the train has passed .a ground marker i, 
the program checks whether or not the train speed v is 
faster than the threshold speed v^ . which is the speed to 
achieve the minimum running time plus a marginal speed 
(e.g., 2 km/h) (step 801), and if this is true, the 
program proceeds to step 802. In case the train has 
passed the ground marker i at a speed faster than the 
threshold speed v^., the standard residual running time 
^ci standard power consumption E^^ are set to the 

scheduled running time and power consumption (step 802). 

Next, the whole alternative table for power- 
saving control 1014 is made effective (step 803). 
Subsequently,, steps 805, 810 and 811 are carried out 
by incrementing the value of j by the amount of oovor- 
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1 saving control factor J, Namely/ checking is made 

first whether the ground marker N^^ for the beginning 
of control in the jth coliomn of table is equal to or 
larger than the current ground marker i, and also whether 
5 it is invalidated by the selection of other control 
column (step 805). If the jth colximn can be selected, 
the target running time is compared with the scheduled 
running time added by the increased running time AT^ , and 
if the train can run in time longer than the target running 
10 time even under this control (step 806) , this column j 

control table is selected and the scheduled running time 
is increased by the increased running time AT^ and schedul- 
ed power consumption is decreased by AE^ (step 807) . Next, 
the control table N^^ which has no effect dxiring this 
15 control is invalidated (step 808) . If the ground marker 
number for the beginning of control in the table is 
equal to the grovmd marker nximber i which is currently 
passed by the train, the power-saving control flag is 
made to have value j (step 809). If the power-saving 
20 control factor J is smaller than j , the program returns ' 
to step 805, while incrementing j by one, and checks 
whether the table can be selected (steps 810 and 811) . 

According to the present invention, the train 
is operated while calculating the presumed arrival time 
25 at the next station and power consumption time to time, 

allowing the marginal time to be used for the power-saving 
operation, and moreover, the train operation under the 
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1 Although in the foregoing embodiment, the lower 

target power consumption E is set each position of 

P J 

ground marker, the calculation related to potential 
energy may be omitted if the railroad has small variation 
5 of slope. 

The alternative table for power-saving 1014 of J 
in number has the priority in the ascending order of 
the number, allowing the marginal time to be spent later 
and the like. The control table may be selected not only 

LO based on the running time, but on the target power consump- 
tion, or alternatively, it may be selected solely based 
on the target power cons\imption. 

Although in the foregoing embodiment, the loca- 
tion of the train is determined using ground markers, 

15 it may be determined solely based on the running distance I 
from the departing station* The output of the distance 
calculator may be corrected using the running distance £ 
obtained from the count at the detection of the ground 
marker and the actual distance in the table. 

20 As described above, this embodiment has the 

information table on the increased running time and saved 
power consumption when train is operated to follow the 
lower target speed or lower target power consumption after 
the train has passed one or more positions between two 

25 stations , allowing the selection of optimal control at 
each position based on the target running time, target 
power consumption, and the like, whereby the train can be 
operated to meet conditions of ^r?rival tl}"ae ct the j-ext 
station and power consumption. 
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CLAIMS : 

1- A method for automatic operation of a vehicle 

in which predetermined control parameters are used to 
control the operation of a vehicle between two stations, 
wherein a plurality of sets of control parameters are 
prepared, performance indices reflecting the result of 
running of said vehicle when each of said control param- 
eters is used for divided regions of distance between two 
stations are obtained ^ and a control parameter used in 
each region is deteormined by setting said performance 
indices in advance. 

2. A method of automatic vehicle operation according 
to claim 1, wherein said performance indices include 
running conditions such as running time between two 
stations, power consiimption, and riding confort. 

3. A method of automatic vehicle operation according 
to claim 1, wherein said performance indices are set by 
operating switches (7, 8 and 9) provided on said vehicle 

or transmitted from a computer (6) in a central operation 
command office through a communication line- 

4. A method of automatic vehicle operation according 
to claim 2, wherein said performance indices are set by 
operating switches (7, 8 and 9) provided on said vehicle 

or transmitted from a computer (6) in a central operation 
command office through a communication line- 

5. A method of automatic train operation of a train 
between stations using_predetermined control parameters 
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comprising a first step of recording the train speed, 
residual running time and scheduled power consumption 
after the train has passed each of said ground markers on 
a schedule of minimum running time; a second step of 
recording the increased value of running time and decreased 
value of power consumption in case the lower target train 
speed is lowered when the train passes each of said 
ground markers; and a step of determining, when the train 
passes each of said ground markers, a lower target train 
speed which demands the least power consumption and satis- 
fies a target running time to be spent until the train 
reaches an arriving station, said target running time 
being preset before the train has started from a departing 
station. 

6. A method of automatic train operation according 
to claim 5, wherein said lower target train speed is 
determined by first setting a lower target power consumption 
with reference to a table of potential energy possessed 

by the train in correspondence to a running distance from 
the departing station, and next by subtracting a current 
potential energy of the train from said lower target 
power consumption. 

7. A method of automatic train operation according 
to claim 5 or 6 , wherein said increased running time and 
decreased power consumption are recorded in a plurality 
of columns of table with priority levels appended thereto, 

so that ^ coli:mn cf tc-lr 1.: selected on proiiri^:^ bc.sZ. . 

8. A method of automatic .train operation according 
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to claim 5, 6 or 1, wherein said ground markers placed be- 
tween stations is substituted by positional information 
which is derived from a running distance measured since the 
train has started from the departing station- 
9. A method of automatic train operation according 

to claim 5, 6, 7 or 8, wherein said lower target speed or 
lower target power consumption is determined based on a 
target power consumption or the combination of a target 
power consumption and target running time instead of being 
determined solely from the target running time- 
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